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Outcome of endovascular treatment of traumatic
aortic transection
Johnny Steuer, MD, PhD,a Anders Wanhainen, MD, PhD,a Stefan Thelin, MD, PhD,b
Rickard Nyman, MD, PhD,c Mats-Ola Eriksson, MD,c and Martin Björck, MD, PhD,a Uppsala, Sweden
Objective: The purpose of this study was to analyze our experience of thoracic endovascular aortic repair (TEVAR) in
patients with traumatic aortic transection.
Methods: This was a single-center consecutive case series that was conducted at the Uppsala University Hospital, Tertiary
Referral Center. There were a total of 17 consecutive patients undergoing TEVAR for traumatic thoracic aortic
transection. All patients undergoing TEVAR for aortic transection were registered prospectively and their medical
records were reviewed regarding technical details, mechanism of injury, and concomitant injuries. Long-term outcome
was analyzed with respect to need for reintervention and survival.
Results: Between 2001 and 2010, 17 patients underwent TEVAR for traumatic aortic injury. Median age was 42 years
(range, 18-77 years), and 15 of 17 patients (88%) were men. Fourteen patients had been involved in motor vehicle
accidents, two had fallen from heights, and one fell off a bicycle on a slope. In all cases, the aortic injury was located in
the proximity of the origin of the left subclavian artery. All patients had concomitant injuries. In all patients, a single stent
graft was sufficient to exclude the injured part of the aorta. The median cover length was 120 mm (range, 100-200 mm).
In-hospital mortality was 24% (4 of 17 patients). One patient died perioperatively and three postoperatively, two from
brain injuries and one from multiorgan failure. After a median follow-up of 36 months (range, 10-98 months), three
patients underwent reintervention (18%), each patient only once; one for a type I endoleak, and two for pseudocoarcta-
tion secondary to stent graft infolding. Two were treated endovascularly, and one had a stent graft explantation.
Conclusions: Endovascular repair allows rapid and minimally invasive therapy in patients with traumatic aortic injury with
good technical results. The outcome is highly dependent on the severity of other concurrent injuries. ( J Vasc Surg 2012;
56:973-8.)
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tBlunt traumatic thoracic aortic injury is a life-
threatening emergency. Thoracic aortic injury is the second
most common cause of death in trauma patients, exceeded
only by intracranial hemorrhage.1 Blunt thoracic aortic
trauma is most frequently related to sudden deceleration in
motor vehicle accidents, and the injury most commonly
occurs at points of fixation in the descending aorta.2 In
clinical series, 80% to 90% are located in the region of the
aortic isthmus; in autopsy series, however, the number is
lower, and more of those victims have sustained injuries to
the ascending aorta.3
With the advent of thoracic endovascular aortic repair
(TEVAR), the management of disorders of the descending
thoracic aorta has changed dramatically during the last
decade. In traumatic injuries to the descending aorta,
TEVAR offers less invasive repair than open surgery, which
has been shown to reduce in-hospital morbidity and mor-
tality.4,5 However, endograft-related complications, such
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http://dx.doi.org/10.1016/j.jvs.2012.03.259s collapse and endoleak, must be monitored during
ollow-up, and stroke and spinal cord ischemia may still
ccur with TEVAR.6,7
The aim of the present study was to analyze midterm
utcome of our tertiary single-center experience of TEVAR
n patients with blunt traumatic thoracic aortic injury.
ETHODS
The patients treated were registered prospectively in
he National Vascular Registry (Swedvasc),8,9 in the local
egistry of interventional radiology, and in the In-Patient
egistry. The medical records of all patients undergoing
EVAR for traumatic injury to the descending aorta, from
he first patient in December 2001 until December 31,
010, were identified and reviewed. Demographic data,
oncurrent injuries, operative variables, and early and long-
erm outcomes were registered, and the Injury Severity
core (ISS) was assessed.10 The landing zone in the arch
as categorized according to the Ishimaru classification,11
nd the aortic arch classification was defined by the parallel
lanes perpendicular to the outer and inner curvatures of
he arch; the vertical distance from the origin of the bra-
hiocephalic trunk to the top of the aortic arch was used for
etermining the arch type.12,13
All patients were initially managed according to the
dvanced Trauma Life Support guidelines. The initial eval-
ation was followed by computed tomography (CT) scan
ccording to our trauma protocol, including a CT scan of
he head, spine, chest, and abdomen, and further specific
adiological examinations whenever necessary. A multi-
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October 2012974 Steuer et aldetector rowCT scan systemwas used (Definition; Siemens
Medical Systems, Forchheim, Germany). Helical CT scans
were done with 0.6-mm acquired slice thickness and recon-
structed with 1-mm slices at 0.7-mm increment (space), with
the following parameters: 120 kV, 0.5-second gantry rota-
tion, and 150 reference mAs and CT dose index volume 9.67
mGy. The examination was done after intravenous adminis-
tration of 100 mL nonionic iodine contrast material (Iopra-
mide [300 mg of iodine per milliliter]; Berlex Laboratories,
Wayne, NJ). The contrast material was injected through a
20-gauge catheter inserted into an antecubital vein, at a rate of
4 mL/second with a power injector (Stellant Injection Sys-
tem; Medrad, Warrendale, Pa).
In 16 patients, the trauma CT scan findings were
accurate enough for assessment of the aortic injury. In one
case, isolated aortography was performed before TEVAR,
as the CT scan findings were uncertain, and, after multidis-
ciplinary discussion, the patient subsequently underwent
TEVAR. The patients were evaluated by a team of trauma,
cardiothoracic, vascular surgeons, anesthesiologists, and
radiologists. The morphology of the aortic injury (the
location, diameter, and length of the lesion) was assessed
along with concurrent injuries in the decision-making and
timing of TEVAR. In cases of concomitant injuries that
were considered more life-threatening than that of the
aorta, those were managed before TEVAR. No patient
underwent open surgical aortic repair after the introduction
of the TEVAR technique for traumatic aortic injuries dur-
ing the studied time period. Arterial access was established
percutaneously in all but the first patient, in whom a
femoral artery cut downwas performed, and the stent grafts
were deployed over a stiff wire. All procedures were done
with the patient under general anesthesia. Cerebrospinal
fluid drainage was not used in any patient, and no patient
underwent a cervical debranching operation before stent
graft insertion.
The patients were monitored with CT angiography
before discharge or at 1 month, after 3 to 6 months, and at
12 months, and annually thereafter. Because a unique
10-digit personal identity number is allocated to all Swed-
ish citizens and permanent residents, long-term survival can
be followed accurately in all patients. In July 2011, all the
patients were followed up with respect to survival by com-
puterized cross-linkage to two national registers: The
Swedish Cause of Death Register and the Population Reg-
ister. The latter is updated every week, and there is a
maximum delay of 3 weeks from death to registration.With
these combined registers, all patients could be assigned a
date of death or identified as being alive on June 30, 2011.
RESULTS
During the study period, a total of 17 patients under-
went TEVAR for traumatic aortic transection, correspond-
ing to 8% of all patients treated with TEVAR at our insti-
tution during the 10-year period. One patient, admitted in
grave shock and with a transection causing severe displace-
ment of the aortic segments, died before treatment at-
tempts could be initiated. The median age was 42 years srange, 18-77 years), and 15 of 17 patients (88%) were
en. In nine cases, the cause of the trauma was a car
ccident; in three of these cases it was documented that the
atient had not used a seat belt. There were three motor-
ycle crashes, and another two motor vehicle accidents.
ne patient had fallen off his mountain bicycle on a slope
uring a competition, and two patients had fallen from
eights of approximately 8 and 3 meters, respectively.
Six patients were treated within the first 8 hours after
he trauma, and a total of 14 patients were treated within
he first 24 hours, one on the second day, one on the
ourth, and one patient 2 weeks after the accident. In the
wo latter patients, the transections were not identified at
nitial evaluation, only on subsequent review. The patient
ho underwent TEVAR after 4 days had stayed in his local
ospital without prior surgery until the aortic injury was
etected. The second patient had undergone surgery for an
nkle fracture and was referred to us only after 2 weeks,
hen the injury was verified. Only three patients were from
ur primary catchment area; 14 were referred from other
ospitals with a median transport distance of 170 kilome-
ers (range, 80-500 kilometers).
Four patients were treated for other injuries before TE-
AR (Table I). The first was a young man, a victim of a car
ccident who had not been using a seat belt, who sustained a
assive subdural hematoma requiring immediate drainage.
e subsequently underwent TEVAR 18 hours after the
rauma. Two patients underwent emergency laparotomy.
ne of themunderwent small bowel resection. The other one
ad a ruptured diaphragm, displacement of the ventricle into
he thorax, and renal contusion. After laparotomy, the abdo-
en was left open, and vacuum-assisted closure with mesh-
ediated traction was applied.14 Both of these patients un-
erwent TEVAR 24 hours after the accident. In the fourth
atient, who was referred to our department almost 14 days
fter the trauma, open fixation of an ankle fracture was carried
ut at an early stage, and the aortic injury was discovered only
n subsequent review of the CT scan.
All patients had concomitant injuries. Three were con-
ned to the thorax, including costal fractures and pulmo-
ary contusion. Five sustained intracranial bleeding. Verte-
ral, pelvic, or long bone fractures were seen in 10 patients,
nd contusion of the liver, spleen, or a kidney in eight
atients. The individual ISS scores are shown in Table I.
In all patients, one stent graft was sufficient to exclude
he injured part of the aorta. The median cover length was
20 mm (range, 100-200 mm), and the median stent graft
iameter 31 mm (range, 26-37 mm). Median aortic diam-
ter was 23 mm (range, 16-31 mm). The Gore TAG
ndoprosthesis (W. L. Gore & Associates, Flagstaff, Ariz)
as used in 14 patients, the Talent thoracic stent graft
Medtronic, Minneapolis, Minn) in two, and the Zenith
Cook Medical, Bloomington, Ind) in one patient (Table
I). We oversized 15% to 60% depending on availability at
he time of the trauma and the instructions for use of the
anufacturer. The size of each sheath was chosen accord-
ng to the manufacturer’s instructions for use; a 20 to 24F
heath was used for delivery of the stent graft, and a 6F
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Volume 56, Number 4 Steuer et al 975sheath was used in the contralateral femoral artery. Sheath
size in each patient is shown in Table II. Percutaneous
closure was achieved by use of two Prostar XL sutures
(Abbott Vascular, Santa Clara, Calif). The left subclavian
artery (LSA) was covered in eight cases (Table II) to obtain
a satisfactory proximal sealing zone. The LSA was not
revascularized in any patient.
One patient, a young female with narrow femoral ar-
teries, had an occlusion of the left superficial femoral artery
postprocedure. She underwent thrombembolectomy with
restitution of the circulation to the left leg. There were no
additional procedure-related complications requiring treat-
ment. There was no case of paraplegia or stroke, and no case
of left arm claudication or other complications related to
Table I. Patient characteristics
Patient
Age, years/
gender Cause of injury
1 75/M Car accident
2 30/M Car accident
3 65/M Motorcycle accident
4 18/M Car accident
5 60/M Snowmobile accident
6 76/F Car accident
7 42/M Fall
8 37/M Car accident
9 31/F Car accident
10 27/M Terrain vehicle accide
11 48/M Fall
12 21/M Car accident
13 77/M Car accident
14 42/M Car accident
15 33/M Motorcycle accident
16 22/M Motorcycle accident
17 71/M Mountain bicycle acci
ISS, Injury Severity Score; TEVAR, thoracic endovascular aneurysm repair;
aPatient in severe shock on arrival, only chest injuries documented.
Table II. Procedural data
Patient Endograft type No. of stents Graft siz
1 Talent 1 34 
2 Talent 1 26 
3 Zenith 1 34 
4 TAG 1 26 
5 TAG 1 34 
6 TAG 1 34 
7 TAG 1 31 
8 TAG 1 28 
9 TAG 1 26 
10 TAG 1 28 
11 TAG 1 34 
12 TAG 1 28 
13 TAG 1 37 
14 TAG 1 34 
15 TAG 1 26 
16 TAG 1 26 
17 TAG 1 34 coverage of the LSA. 1One patient was in severe shock on arrival and could
ot be stabilized hemodynamically. He had been involved
n a car accident, was found wedged in his car, and had not
een using a seat belt. He was transported immediately to
he hybrid operating theater after having undergone a CT
can; a stent graft was deployed, but he died during the
rocedure. There was one more early (30 days) death; a
an admitted after a car accident, not using a seat belt, who
ied frommassive brain injury 8 days after the trauma. Two
atients, who were still hospitalized, died after 6 and 7
eeks, respectively, the causes being multiple organ failure
nd brain injury.
The remaining 13 patients, who survived beyond 7
eeks, were followed for a median of 36 months (range,
ISS Operations before TEVAR
66
66 Laparotomy with small bowel resection
29
75 Drainage of subdural hematoma
34
50
25
25a
57
25
33
34
38 Fixation surgery of ankle fracture
57
59 Laparotomy, reposition of the
stomach, suture of ruptured
diaphragm, VAC
41
41
vacuum-assisted closure.
Sheath size, F Arch landing zone Arch type
24 Z3 3
22 Z3 1
20 Z3 2
20 Z3 2
22 Z3 3
22 Z3 1
22 Z3 1
20 Z2 1
20 Z2 1
20 Z2 1
22 Z2 1
20 Z2 1
24 Z2 1
22 Z2 1
20 Z3 1
20 Z2 1
22 Z3 2nt
dent
VAC,e, mm
100
120
106
100
150
150
100
150
100
150
100
150
150
200
100
1000-98 months). As the majority of the patients were re-
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October 2012976 Steuer et alferred from other hospitals, the discharge reports were sent
to the referring physicians with instructions on how to
perform clinical and radiological follow-up. The CT scan
examinations performed at local hospitals after discharge
were sent to us for secondary review, accompanied by
information on the clinical status. Thus, we do have clinical
and radiographic follow-up in all 13 surviving patients.
Three patients underwent reintervention. In one case, the
CT angiography demonstrated a type I endoleak, second-
ary to poor alignment, before discharge, which was man-
aged by placement of an additional Gore TAG (W. L. Gore
& Associates) endograft proximally within a week after the
primary procedure. The LSA was not covered either origi-
nally or after placement of the second stent graft. The
second patient was a 27-year-old man, who had a very
sudden onset of inguinal and thigh pain 3 months after
TEVAR, with a walking distance of only 10 m. The ankle-
brachial index, which had previously been normal, was 0.5
on readmission. A CT scan showed proximal infolding of
the stent graft (Fig 1). His aorta measured 23 mm at the
time of the trauma, and he had a 28 mm stent graft. Upon
later review of the CT scan, we found that the patient
Fig 1. A 27-year-old man with sudden onset of pseudocoarcta-
tion and ankle-brachial index of 0.5 3 months after thoracic
endovascular aneurysm repair (TEVAR). Aortography demon-
strated partial collapse of the proximal part of the stent graft at the
origin of the left subclavian artery. The most expanded part of the
stent graft is at the site of the aortic injury.displayed a bird-beak configuration at the original proce- aure. This was remedied by deployment of a sinus-XL stent
OptiMed, Ettlingen, Germany), followed by a Palmaz
tent (Cordis Endovascular, Warren, NJ) proximally (Fig
). The symptoms subsided after the procedure. An aortog-
aphy performed 3 years later revealed a remaining pressure
radient of 20 mm Hg between the ascending and the
escending aorta. The patient remained asymptomatic at
he end of follow-up. Bird-beak configuration of some
egree was seen in 13 of 17 patients (76%), with a wedge-
haped gap between the stent graft and the lesser curvature
easuring 3 to 10 mm. There was no difference if the LSA
as covered or not. The third patient was a 31-year-old
oman, who already at discharge had amalalignment of the
tent graft along the lesser curvature of the aortic arch, and
pressure gradient of 30 to 40 mm Hg. Three months
ater, she had recovered from all other injuries, including an
nstable pelvic fracture. Due to young age, arch anatomy,
nd patient preference, the stent graft was explanted 5
onths after the initial trauma and replaced with a Dacron
raft. On the initial acute admission, the diameter of the
roximal descending aorta was 16 mm, and she was treated
ith a 26-mm stent graft due to limited availability of more
ig 2. The collapse was managed by placement of a self-
xpandable sinus-XL stent (OptiMed, Ettlingen, Germany), fol-
owed by placing a Palmaz stent (Cordis Endovascular, Warren,
J) proximally in order to be able to hold back the partial collapse.
his resulted in complete restitution of the visceral and lower
xtremity circulation.ppropriately sized grafts. The patient had transient recur-
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Volume 56, Number 4 Steuer et al 977rent laryngeal nerve palsy postoperatively but recovered
completely.
DISCUSSION
Accident victims after high-impact collisions often have
multiple injuries and are initially managed according to the
Advanced Trauma Life Support concept. Cases of other
more life-threatening injuries aremanaged before the aortic
injury. However, with the advent of TEVAR and hybrid
operating theaters, there is now a chance to treat multiple
organ systems in the same environment, rendering the
primary need to prioritize among injuries less essential. This
is an important improvement, because the situation is dy-
namic, and time is life. Applying the concept of damage
control surgery is essential in modern trauma care.15 In
contrast to open surgical repair, TEVAR does not necessar-
ily require high-level systemic heparinization; the dosage
can be individualized, depending on the complexity of the
situation and the combination of injuries.
There are several studies addressing the issue of
whether TEVAR is superior to open repair, but there are no
randomized studies comparing the two modalities in aortic
transection.16,17 In a recent review from the Society for
Vascular Surgery, it is suggested that TEVAR be performed
preferentially over open surgery or nonoperative manage-
ment in patients with traumatic thoracic aortic injury.4 A
number of single-center and multicenter reports of
TEVAR in trauma patients have demonstrated 30-day or
in-hospital mortality rates of 0% to 18%, with most deaths
typically being nonaorta related, but rather secondary to
other injuries.18-22 In the present study, 30-day mortality
was 12% (2 of 17), but in-hospital mortality was 24%, as
two further patients died in the hospital after 6 and 7 weeks,
respectively. One patient died of cardiac arrest in the oper-
ating theater, even though deployment of the stent graft
was technically successful. He was hemodynamically unsta-
ble throughout the procedure. One might speculate that
other injuries such as severe myocardial damage could have
occurred, but unfortunately the patient was not examined
postmortem. The three remaining deaths in this series were
not related to the aortic injury.
The median age in our patient cohort was 42 years,
which is similar to previous reports.4,19,20,23 In young
patients with normal-sized aortas, the enlargement and
unfolding of the arch often seen in elderly people with
degenerative aortic disease does not exist, and the curvature
of the aortic arch is often more angulated, potentially
making delivery, deployment, and apposition of the stent
graft more difficult.2 Hence, smaller diameter stent grafts
are required in this patient group than in those with aneu-
rysms of the descending aorta. However, lack of commer-
cial availability and our own stock of stent grafts at the time
of patient admission necessitated quite extensive oversizing
in many cases. The issue of oversizing was addressed in a
recent review demonstrating that, in patients with en-
dograft collapse, the stent grafts on average were oversized
by 27%. Furthermore, a small radius of the aortic arch,
causing insufficient apposition to the curvature proximally, Aas considered to be the main cause of collapse in nearly
alf of the cases, two thirds of which occurred within 1
onth and 75% within 3 months.7 Hopefully, the new
ore flexible devices available in smaller sizes will prove to
e beneficial in terms of decreasing the rate of endograft
ollapse. Recent data suggest that hemodynamically unsta-
le trauma patients exhibit a temporarily decreased aortic
iameter. This phenomenon could result in undersizing,24
ut this was not observed in this cohort.
In elective TEVAR, or in patients with acute compli-
ated type B dissection,25 we use cerebrospinal fluid drain-
ge selectively when the patient is considered to be at
ncreased risk of spinal cord ischemia, for instance, if most
f the descending aorta is to be excluded. Among these
tudied trauma patients, none received a spinal drainage
atheter. This practice was explained by the emergent situ-
tion and the focal nature of the injury, which did not
equire extensive coverage of the aorta and intercostal
rteries. According to the recent Society for Vascular Sur-
ery review, spinal drainage is not routinely indicated in
hese patients, unless symptoms of spinal cord ischemia
ccur.4 Moreover, paraplegia has been shown to be much
ess frequent after TEVAR than after open repair for trau-
atic aortic injuries, even though a considerable propor-
ion of the patients have their LSA covered without revas-
ularization.4,23 In our series, there were no paraplegias
nd no long-term negative consequences of LSA coverage.
If trauma patients are young, longer follow-up is nec-
ssary to assess the long-term durability of the devices and
he adaptability of the stent grafts to plausible degenerative
hanges in the thoracic aorta with increasing age. Long-
erm follow-up also requires a large number of radiological
rocedures with cumulative exposure to radiation, which
ust be considered. This patient group has typically sus-
ained other severe injuries in addition to the aortic tran-
ection. It is likely that some of the patients in this study,
articularly those with severe brain damage, would have
een poor candidates for open repair with systemic hepa-
inization. Moreover, the risk of stent graft collapse has
ade us consider more extensive early surveillance, both
linical and radiological.
We conclude that TEVAR in patients with blunt trau-
atic aortic injuries has emerged as a relatively quick and
afe method and that it is in harmony with the principles of
amage control. Considering the facts that endovascular
echnologies are constantly developing and the number of
rauma patients undergoing this procedure is fairly small at
ach center, we believe that continued attentive clinical and
cientific follow-up of patients remains important.
We thank Professor Mario Lachat, Clinic for Cardio-
ascular Surgery, University Hospital, Zurich, Switzerland,
ho gave important suggestions during revision of the
rticle.
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